Abstract. Super-Kamiokande (SK), a 50 kton water Cherenkov detector, observes 8 B solar neutrinos via neutrino-electron elastic scattering. The analysis threshold was successfully lowered to 3.5 MeV (recoil electron kinetic energy) in SK-IV. To date SK has observed solar neutrinos for 18 years. An analysis regarding possible correlations between the solar neutrino flux and the 11 year solar activity cycle is shown. With large statistics, SK searches for distortions of the solar neutrino energy spectrum caused by the MSW resonance in the core of the sun. SK also searches for a day/night solar neutrino flux asymmetry induced by the matter in the Earth.
energy range in real time, making it a prime detector to search for both solar neutrino oscillation signatures.
After installation of the new front-end electronics, SK-IV started on October 6, 2008 with the low energy threshold of 3.5 MeV. The SK-IV results presented here include data taken until March 31, 2015 (2034 days). The measured flux, Φ8 B through all SK phases is {2.341 ± 0.044} × 10 6 /cm 2 /sec. The solar activity cycle is the 11 years periodic change of sun spots releasing the magnetic flux at the surface of the Sun. They are strongly correlated with the solar activity cycle. As SK observed solar neutrinos for 18 years, about 1.5 solar activity cycles, an analysis regarding possible correlations between the solar neutrino flux and the solar activity cycle was conducted. Fig.1 shows the SK yearly flux measured throughout the different phases of SK together with the corresponding sun spot number. Using the present data, a constant flux was fitted and the χ 2 was calculated with total experimental error as χ 2 = 13.10/18 d.o.f., which corresponds to a probability of 78.6%. SK solar rate measurements are fully consistent with a constant solar neutrino flux emitted by the Sun. The neutrino energy spectrum shape analysis utilized combined fits to SK-I, II, and III data as well as 1669 days of SK-IV data (until January 31 2014) with two generic functions as survival probability;
(exponential). The fit takes correlations between SK phases and energy bins into account. The left of Fig.2 shows the energy spectrum measured by SK-IV which is expressed as the ratio of the observed elastic scattering rates over MC simulated expectation. Here, the 8 B flux was constrained by SNO's NC measurement [2] . The right of Fig.2 shows the statistical combination of the four phases of SK, along with the best-fit coming from the generic function fits. Also the expected MSW resonance curve assuming the best-fit neutrino oscillation parameters coming from a fit to SK data (all solar neutrino plus KamLAND data) is shown. SK spectrum results slightly disfavor the MSW resonance curves, but are consistent with the MSW resonance prediction within 1.0 − 1.7σ.
The SK-IV livetime during the day (night) is 799.7 days (869.1 days). The solar neutrino flux between 4.5 and 19.5 MeV and assuming no oscillations is measured as Φ D = (2.25±0.03(stat.)± 0.38(sys.))×10 6 /(cm 2 sec) during the day and Φ N = (2.36±0.03(stat.)±0.40(sys.))×10 6 /(cm 2 sec) during the night. A more sophisticated method to test the day/night effect is given in [4, 5] . For a given set of oscillation parameters, the interaction rate as a function of the solar zenith angle is predicted. Only the shape of the calculated solar zenith angle variation is used, the amplitude of it is scaled by an arbitrary parameter. The extended maximum likelihood fit to extract the solar neutrino signal is expanded to allow time-varying signals. The likelihood is then evaluated as a function of the average signal rates, the background rates and the scaling parameter which is called the "day/night amplitude". The equivalent day/night asymmetry is calculated by multiplying the fit scaling parameter with the expected day/night asymmetry. Because the amplitude fit depends on the assumed shape of the day/night variation, it necessarily depends on the oscillation parameters, although with very little dependence expected on the mixing angles where the best fit crosses the expected curve represents the value of ∆m 2 21 where the measured day/night asymmetry is equal to the expectation. Superimposed are the allowed ranges in ∆m 2 21 from the global solar neutrino data fit (green) and from KamLAND (blue). The amplitude fit shows no dependence on the values of θ 12 (within the LMA region of the MSW plane) or θ 13 .
Super-Kamiokande Gd project
The Supernova Relic Neutrinos (SRNs) signal is the diffuse supernova neutrino background from all the supernovae in the past. The observation of SRNs in general or neutrinos from distant supernovae in particular, would give us some information about the universe, for example the core collapse rate from SRNs, and about the neutrino itself too, for example its lifetime. This signal has never been detected, but it is expected to be detectable in the 16-30 MeV energy region, which is the gap between the energy ranges of solar neutrinos and atmospheric neutrinos. SK-I, II and SK-III data were analyzed with energy threshold 16MeV [6] . A maximum likelihood search was performed in multiple regions of the Cherenkov angle distribution to extract the most accurate flux limit. The obtained flux limit is between 2.7 and 3.0νcm −2 s −1 (positron energy > 16 MeV), which actually depends on the shape of the neutrino spectrum assumed. This result currently provides the world's best limit on SRN flux. In SK-IV, a new result of the SRN search using the neutron tagging technique was also published [7] . In this analysis, neutrons from SRN reactions (ν e , p → e + , n) are captured by hydrogens. After neutron captures, 2.2 MeV gammas are emitted. Thus, by detecting the prompt positron signal and the delayed 2.2 MeV gamma signal, most of backgrounds which are not accompanied by neutrons can be reduced. Fig.4 shows the obtained flux limit comparing with other results. Even though the detection efficiency is not good enough since 2.2 MeV is very low energy in SK (cf. the analysis threshold of solar neutrino is 3.5 MeV (kinetic)), the world best limit in below 16MeV was obtained.
In order to achieve a high detection efficiency for neutrons, it is proposed to add 0.2% of gadolinium (Gd) sulfate into SK. Since Gd has a neutron capture cross section of 49.000 barns (about 5 orders of magnitude larger than of protons) and emits a gamma cascade of 8 MeV, neutrons can be easily detected at SK.
In this context, EGADS (Evaluation Gadolinium's Action on Detector Systems) project was funded in 2009. The main motivation of EGADS is to show that by adding Gd, SK will be able to detect anti-neutrinos using the delayed coincidence technique, while keeping all its capabilities in the other analyses like solar and atmospheric neutrinos. Since then, a new hall near the SK detector has been excavated and a 200 ton tank with its ancillary equipment has been installed, see the left of Fig.5 , to mimic the conditions at SK. Of special importance is the water system, that filters out water impurities while it keeps the Gd in the water. From January 2010 to July 2011 pure water was circulated through the 200 ton tank and proved that the developed water system is stable and achieves a high water quality. In 2013, from February 6th to April 20th, the 200 ton tank has been step-wise loaded with Gd until the final 0.2% concentration was reached. By measuring Gd concentration at some detector positions, it was confirmed that the Gd sulfate dissolves homogeneously in the 200 ton tank, a good water quality can be maintained. In summer 2013, 240 photomultipliers were installed and the data taking has been started from September without Gd. After the water quality became good and stable, detector calibrations were performed. In April 2015, the final configuration with 0.2% Gd 2 (SO 4 ) 3 concentration was achieved. The right of Fig.5 shows the time variation of Cherenkov light left at 15m for Gd loaded water. The blue band in the figure shows the transparency range of Super-K water. As shown in the figure, it is measured that the transparency of 0.2% Gd 2 (SO 4 ) 3 water is 92% of the average of Super-K water.
kg of Gd
Based on these achievements, on June 27, 2015, the SK collaboration approved the SK-Gd project which will enhance anti-neutrino detectability by dissolving gadolinium to the SK water. Detailed studies, such as PMT signal stability in Gd water, Rayleigh scattering measurement in EGADS detector, and the neutron capture efficiency are ongoing now.
